An Introduction to IgorPro: 

Here, we will concentrate on the data analysis features of Igor Pro. We will generate synthetic data and then manipulate it using sorting and curve fitting.

Launching Igor Pro:

1.
Double-click on the Igor Pro application file on your hard disk.

If Igor was already running, choose New Experiment from the File menu.

2.
Use the Misc menu to turn preferences off.

Creating Synthetic Data:

We need something to analyze, so we’ll use some rather obtuse syntax to generate some random X values and create some Y data from a math function. (Luckily, real experiments will give you a much more straightforward starting point, but please put up with this for now, so that we all begin with identical “data.”) 

1.
Type the following in the command line and then press Return or Enter:

SetRandomSeed 0.1

This initializes the random number generator so you will get the same results as this tutorial.

2.
Type the following in the command line and then press Return or Enter:

Make/N=100 fakeX= enoise(5)+5,fakeY

This generates two 100 point waves and fills fakeX with evenly distributed random values ranging from 0 to 10.

3.
Execute this in the same way:

fakeY= exp(-(fakeX-4)^2)+gnoise(0.1)

This generates a Gaussian peak centered at 4.

4.
Choose the Windows→New Graph menu item.

5.
From the Y Wave(s) list, pick "fakeY".

6.
From the XWave list, pick "fakeX".

7.
Click Do It.

The graph will be a rat's nest of lines because the X values are not sorted. 

8.
Double-click in the center of the graph.

This Modify Trace Appearance dialog appears.

9.
From the Mode pop-up choose Markers.

10.
From the pop-up menu of markers choose the open circle.

11.
Click Do It.

Now the graph looks a little more reasonable.

Quick Fit to a Gaussian:

The synthetic data was generated using a Gaussian function so let's try to extract the original parameters.

1.
Choose the Analysis→Quick Fit→gauss menu item.

Curve fit results are displayed in a report printed in the history.

The amplitude parameter (A) should be 1.0 and the position (x0) should be 4.0. We got 0.99222 +/- 0.0299 for the amplitude and 3.9997 +/- 0.023 for the position.

I would like to have this information added to my graph.

2.
Choose Analysis→Quick Fit→Textbox Preferences.

The Curve Fit Textbox Preference dialog appears. 

3.
Click on the Display Quick Fit Info Textbox to select it. Click OK.

You can add a textbox containing curve fit results to your graph. The dialog box now open has a checkbox for each component of information that you might include in the textbox in your next graph.

4.
Choose Analysis→Quick Fit→gauss again.

This time, Igor displays a textbox with the curve fit solution. Once the textbox is made, it is just a textbox and you can double-click it and change it (which you should do so that your report contains both units and the physical variable names of relevance to each experiment you do). As an example, double-click on the textbox, and insert your cursor just before the “0” in “y0” and then, from the Special menu, select SUBSCRIPT. Everything following this command has now been subscripted. In order to terminate the font change, position your cursor just after the “0” and then, from the Special menu, select NORMAL. Go ahead and add units to the reported values.
Nota Bene: If you redo the fit, your changes will be lost unless you rename the textbox. With this in mind, it might make sense to remove the textbox until you have finalized your work.

5.
Choose Analysis→Quick Fit→Textbox Preferences again. Click on the Display Quick Fit Info Textbox to deselect it. Click OK.

6.
Choose Analysis→Quick Fit→gauss again.

The textbox is removed from the graph.

Alternatively, you could have just double-clicked the textbox and then clicked “Delete” in the “Modify Annotation dialog,” but if you’d done that then the next time you did a Quick Fit you would still get the textbox (unless you turn the textbox feature off, as we have now done).

You might try out some of the other Quick Fit options, such as a 10th-order polynomial, or a Lorentzian (lor), but be sure that you really know exactly what functional form is being applied to your data. [You can check these by looking under Curve Fit, rather than Quick Fit.] 

– Often, many different functions can approximate the same data set and, while IGOR Pro provides us with a number of tools that we can use to assess the quality of fitting various functional forms to our data, we require physical insight/argumentation in order to know which type of curve fit will allow us to make sense of the processes at work.

Generalized Curve Fitting:

The Quick Fit menu provides easy access to curve fitting using the built-in fit functions, with a limited set of options, to fit data displayed in a graph. You may want more options – for that you may use the Curve Fitting dialog.

1.
Choose the Analysis→Curve Fitting menu item.

The curve fitting dialog appears.

2.
Click the Function and Data tab.

3.
In general, you’d create and edit your own function, but because we happen to know that this data ought to be described by a simple Gaussian, go to the Function pop-up menu and choose gauss.

4.
From the Y data pop-up menu, choose fakeY.

5.
From the X data pop-up menu, choose fakeX.

6.
Click the Data Options tab.

The Weighting and Data Mask pop-up menus should read "_none_".

7.
Click the Output Options tab.

The Destination pop-up menu should read "_auto_", and Residual should read "_none_".

8.
Click Do It.

During the fit a Curve Fit progress window appears. After a few passes the fit is finished and Igor waits for you to click OK in the progress window.

9.
Click OK.

The curve fit results are printed in the history. They are the same as in the previous section.

Sorting:

A key point to keep in mind is that, as you change some experimental control parameter (e.g., temperature) over an extended range, the data you record may be described by different (limiting) equations over different intervals (e.g., new physical processes may “turn on” at high temperatures). It is important that you only apply a model (i.e., perform a curve fit) over the range where that model is expected to hold.


With this in mind, in the next section we will be fitting a limited subrange of the data. For this to work, the data must be sorted by X values.

1.
Double-click on one of the open circle markers.

The Modify Trace Appearance dialog appears with fakeY selected. If fakeY is not selected, click on it.

2.
From the Mode pop-up choose Lines between points and click Do It.

The fakeY trace reverts to a rat's next of lines.

3.
Choose the Analysis->Sort menu item.

The Sorting dialog appears.

4.
If necessary choose Sort from the Operation pop-up menu.

5.
Select "fakeX" in the "Key Wave" list and both "fakeX" and "fakeY" in the "Waves to Sort" list.

6.
Click Do It.

The rat's nest is untangled. Since we were using the “lines-between-points” mode just to show the results of the sort (Gabe never likes “connect the dots” plots), we now switch back to open circles but in a new way:

7.
Control-click (Macintosh) or right-click (Windows) on the fakeY trace.

A pop-up menu appears with the name of the trace at the top. (Don’t select it, but the name at the top of the pop-up menu should now be "Browse fakeY." If it is not, try again.)

8.
Move your mouse down this pop-up menu, to the Mode item and, within that, choose Markers.

Fitting only a Limited Sub-Range of your data:

Only once the data has been sorted (see previous section) can we proceed.


Here, we will again fit our data to a Gaussian but using only a subset of the data. We will then extrapolate the fit outside of the initial range.

1.
Choose the Graph->Show Info menu item.

A cursor info panel is appended to the bottom of the graph.

2.
Place cursor A (the round one) on the fakeY trace and move to point #14.

You can use the pop-up menu in the name area or just drag the cursor from the dock to the trace. Tip: if the “slider” moves the cursor too fast, click the area on either side or use the Arrow keys to move more slowly.

3.
Click the dock for cursor A to deselect it

This is so you can adjust cursor B without affecting the position of cursor A.

4.
Place cursor B (the square one) on the fakeY trace and move to point #42.

5.
In the Analysis->Quick Fit menu make sure the Fit Between Cursors item is checked. If it is not, select it to check it.

6.
Choose Analysis->Quick Fit->gauss.

Note that the fit curve is evaluated only over the subrange.

We would like the fit curve to extend over the entire X range, while fitting only to the data between the cursors. This is one of the options available only in the Curve Fitting dialog (and not in Quick Fit).

7.
Choose Analysis->Curve Fitting and then click the Function and Data tab.

Check that the function type is gauss, the Y data is fakeY, and that the X data is fakeX.

8.
Click the Data Options tab.

9.
Here, instead of the Data Mask option, we will click the Cursors button in the Range area.

This puts the text "pcsr(A)" and "pcsr(B)" in the range entry boxes.

pcsr is a function that returns the wave point number at the cursor position.

10.
Select the Output Options tab; click the X Range Full Width of Graph checkbox to select it.

11.
Click Do It.

The curve fit starts, does a few passes and waits for you to click OK.

12.
Click OK.

The fit has been done using only the data between the cursors, but the fit curve extends over the entire X range.

In the next section, we need the version of the fit curve that only extends over a limited range, so we will simply do that fit again:

13.
Choose Analysis->Quick Fit->gauss.

Extrapolating a Fit After the Fit is Done:

When you used the Quick Fit menu, or when you chose "_auto_" from the Destination pop-up menu in the Curve Fit dialog, Igor created a wave named fit_fakeY to show the fit results. This is just an ordinary wave whose X scaling is set to the extent of the X values used in the fit.

In the preceding sections you learned how to make the curve fit operation extrapolate the fit curve beyond a limited subrange. Here we show you how to do this manually, to illustrate some important wave concepts.

To extrapolate, we simply change the X scaling and re-execute the fit equation:

1.
Choose the Data->Change Wave Scaling menu item.

2.
If you see a button labeled More Options, click it.

3.
From the “SetScale Mode” pop-up menu, choose “Start and End.”

4.
Double-click on "fit_fakeY" in the list.

This reads in the current settings. The starting X value will be about 1.77 and the ending X will be about 4.53.

5.
Press Tab until the Start box is selected and type "1.0".

6.
Tab to the End box and type "8.0".

7.
Click Do It.

The fit_fakeY trace shown in your graph no longer fits your data because it is stretched out and now runs between 1 and 8. So, we now need to recalculate the fit expression.

8.
In the history, find the line that starts "fit_fakeY=" and click on it.

The entire line is selected. (The line in question is near the top of the Curve Fit report printed in the history.)

9.
Press Return or Enter once to copy the selection from the history to the command line and a second time to execute it..

The fit_fakeY wave now contains fit data extrapolated over the range between 1 and 8. Be happy.

Appending a Fit:

The fit curve added automatically when Igor does a curve fit uses a wave named by adding "fit_" to the start of the Y data wave's name. If you do another fit to the same Y data, that fit curve will be over-written. If you want to show the results of several different fits to the same data, you will have to somehow protect the fit wave from being overwritten. This is done by simply renaming it.

1.
Choose the Data->Rename menu item.

2.
Double-click the wave named fit_fakeY to move it into the list on the right.

3.
Edit the name in the New Name box to change the name to "gaussFit_fakeY" and click Do It.

4.
Position the A and B cursors to point numbers 35 and 61 respectively.

Tip: click in the dock for a given cursor to enable/disable its being moved by the slide control. Click on either side of the central “slider” or use the Arrow keys to move the cursor(s) one point number at a time.

5.
Choose Analysis->Quick Fit->line.

Because there are two traces on the graph, Quick Fit doesn't know which one to fit and puts up the Which Trace to Fit dialog.

6.
Select fakeY from the menu and click OK.

The curve fit is performed without displaying the fit progress window because the line fit is not iterative. 
